 (British J7ournal ofIndustrial Medicine 1993;50:653-657) 
Occupational health care units responsible for sewage workers report several common acute symptoms-for example, transient episodes of gastrointestinal disturbances, irritation of the eyes and the upper respiratory tract, headache, and tiredness. Many of these short-term symptoms have been considered in earlier reports. Several studies and reviews of the effects of exposure to sewage focus mainly on infectious agents.1-3 Some symptoms can be explained by exposure to bacteria and bacterial toxins in waste water aerosols and dust from dried sludge.4 5 When we made a survey among 153 occupational health care units with responsibility for sewage plants there were, besides noise induced hearing loss, no long term effects reported from the health controls. In some places there has been concern, however, about cases of cancer of the stomach, the kidneys, or the lungs.
Among the many substances in the sludge there are carcinogens and mutagens6 7 and an increased frequency of urinary mutagens has been found in sewage workers, suggesting exposure to chemicals with mutagenic potential.8 In one case-referent study an increased risk for astrocytoma was found among people living near a municipal sewage plant.9 Recently a slight increase in mortality from cancer among sewage workers was found in a cohort study. The death rate from all cancers combined was greatest among the workers with the highest exposure. Significant excess mortality was noted for cancers of the larynx. Excess mortality, although not significant, was also noted for cancers of the stomach, the kidneys, and the lungs.10 Due to this increased concern about possible risk of cancer among sewage workers we were approached by the Swedish Water and Waste Water Works Association (VAV). To elicit whether sewage work may increase the risk of cancer, specifically in the brain, lungs, stomach, and the kidneys, a cohort of sewage workers was established and followed up. We present a retrospective analysis of mortality from and incidence of cancer in this cohort.
Materials and methods

SUBJECTS
Data from a cohort of sewage workers, men as well as women, were collected from the municipal sewage plants in 17 small and medium sized cities in the southern half of Sweden. In 1986 the population in these cities ranged from 33 000 to 157 000. The inclusion criterion was employment for a minimum of one year at one of these plants during Exposure-response relations were analysed by logistic regression with the statistics package EPILOG on a personal computer (Epicenter Software, Pasadena, Ca, USA). As a first attempt at logistic modelling, the total time of exposure (=employment) was used as the exposure variable. To evaluate the influence of different work categories on the risk for cancer we defined an exposure index (EI), a weighted sum of the time of employment (T), which we used as the exposure variable in a second series of regression analyses. The weights were set to WI = 0 for laboratory work, W2 = 1/3 for work at the plant, W3 = 2/3 for sludge pipe flushing or exhaustion, and W4 = 1 for work at the pumping stations. When measurements of exposure are lacking this is one possible way of describing the assumed relations between the classes of exposure. 4 
EI =
WiTi; W 1 = 0, W2 = 1/3, W3 = 2/3, W4 = 1 i=l was calculated for each worker in the analysis. The latency requirement of at least 10 years from the first exposure until a diagnosis of cancer was applied for inclusion as a case in the analysis. For the cases only time until diagnosis was considered. Odds ratios (ORs) with 95% CIs were calculated from the logistic regression models.
Results
Among the reported 712 subjects was one man who had emigrated and one man whose national registration number was incomplete and impossible to track. Thus the loss to follow up was 0 3%. This gave a cohort consisting of 710 persons of which 656 were men. For these men the average time of For all cancers combined age was, as expected, associated with the incidence of cancer. For a 10 year increase in age the OR was 1-95 (95% CI 1 44-2-63). In the logistic model with age and smoking as regression variables the adjusted OR for smoking was 2-10 (95% CI 0 78-5 59). For all cancers combined the two logistic models for the exposure variables with age and smoking forced in showed no significant positive relations. For an increase of 10 years in total time of employment the adjusted OR was 1-40 (95% CI 0-82-2-41). For an increase in exposure index of 10 units the adjusted OR was 1-40 (95% CI 0-74-2 65).
Cancer of the stomach and lung cancer had no significant association with total time of employment or exposure index in the bivariable models Table 2 Observed (0) and expected (E) numbers of malignancies among Swedish male sewage workers during the study period (ICD-7 1620-162 2) with age. Logistic regression for smoking did not converge for either of these two cancers. We had data about smoking for two of the three lung cancer cases; both were smokers. Brain tumours had no significant association with age, smoking, total time of employment, or exposure index. Cancer of the kidneys had no significant association with age or the total time of employment, and the analysis for smoking did not converge. For the exposure index there was a significant positive relation with OR = 2-95 for an increase in exposure index of 10 units (95% CI 1-22-7 12 ). The logistic model with the confounder age forced in gave a significant positive relation for exposure index with an adjusted OR of 2-60 for an increase in exposure index of 10 units (95% CI 1-00-6-80).
Discussion
This study showed a significant reduction in total mortality among sewage workers when compared with the general population. A large part of this reduction was due to a significantly decreased risk for cardiovascular deaths. We found no significant increase in mortality or morbidity for all malignant tumours combined. For three of the four specific cancer sites towards which we originally directed our interest, the analysis showed higher than expected SMRs. These were tumours of the brain, stomach, and kidneys. By contrast, lung cancer showed a decreased risk.
The collection of data for retired personnel in some municipalities was done without reliable records. This will introduce a risk of recall bias, if a colleague with a severe disease is more likely to be remembered than someone without such a disease. This could lead to an overestimation of possible risks in a retrospective analysis. Our impression, however, is that those responsible for assembling the data have taken all reasonable efforts not to miss any of the workers qualified for the cohort. Furthermore, the plants in question are small enough such that everyone should have had personal knowledge of all the other workers. This leads us to believe that the missed persons are few, if any. The effect on SMR of a missed case would be a reduction, whereas by contrast one missed "healthy subject" would increase the SMR by reducing the expectation value. This effect is unsymmetrical depending on whether the missed subject has the studied disease or not. As the numbers of cases are few the relative effect on the SMR by one missed case would be greater than by one missed subject without the disease.
Small cohort studies require a pronounced excess mortality to produce statistically significant results, and may leave moderately increased risks undetected. The power of this study is estimated at the 0 05 level (one sided) by the method for cohort studies when comparing with an external standard, as presented by Breslow and Day.11 For all cancers combined, when taking into account the 10 year latency requirement, this study has 75% power to detect a true relative risk (RR) of 1-15. For RR = 1 1 the power is 13%. For the specific cancers the power of this study is low, as the expected numbers of cases are low. For renal cancer, for example, the power to detect an RR of 2-0 is 16%.
The validity of the lower than expected mortality is questionable due to the limited size of the cohort and the use of the general population as the reference. The general population includes groups with higher mortality than workers with long-term employment. In cohorts of active workers the observed number of deaths often falls short of expected numbers calculated from national averages. This is due to the healthy worker effect, which tends to reduce the RRs in cohorts of active workers. Because these sewage workers have a physically demanding job it is reasonable to assume a selection of relatively healthy persons into this cohort.
The lower than expected SMR for lung cancer may, at least in part, be due to the use of the national rates for computing the expected values. The 17 municipalities from which we collected our cohort did not include the three largest cities in Sweden. These three cities differ from the rest of Sweden in mortalities and morbidity rates. The incidences of lung cancer are substantially higher, whereas the differences for the other specific incidences of interest in this study are less pronounced.
Our Although the associations found are weak, we attempted to strengthen the evidence by establishing dose-response relations. Thus we made the logistic regression analyses, although the few cases is also a weak point here. The assessment of exposure we used is rather crude, and no hygienic measurements were available. The weight factors introduced for supposed levels of exposure only reflect a general impression of the environmental impurity in the waste water treatment process. Parallel to the flow in the sewage system many changes occur to the waste water and the sludge. Chemicals are added, spontaneous and induced biological and chemical processes take place, substances and matter are eliminated by chemical and mechanical means from the water, and the sludge is concentrated by reduction of the water content. Our assumption that the highest exposure occurs in the pumping stations at the beginning of the process could as well be completely reversed for some potentially harmful factors. These may not even be present in the water before it has come into the process in the plant, where chemicals are added. The microbial content of the waste water is certainly extremely variable in the different parts of the process. A connection between cancer of the stomach and bacteria has recently been described. Infection with Helicobacter pylon is associated with chronic atrophic gastritis, which is a precursor of gastric adenocarcinoma. Two nested case-control studies have shown an increased risk of gastric adenocarcinoma in subjects infected with Helicobacterpyloni.1213 This specific bacteria is widespread in the general population but has not been reported to be recovered from samples of sewage water. Acute gastrointestinal disturbances are common among sewage workers, but the prevalence of subclinical chronic gastritis in such workers is unknown.
The relation between renal cancer and the exposure index used is positive and significant, but not for the unweighted total exposure time. This may of course be a chance finding, but another possibility is that some agent in waste water acts as a renal carcinogen. The lack of relations for brain tumours and cancer of the stomach might be due to these tumours being caused by other factors that are poorly assessed by our exposure index.
Conclusion
Our study did not find an increase in total mortality from or incidence of cancer among sewage workers. There were non-significant excess risks for certain cancer sites-namely, brain, kidneys, and stomach, with a dose-response relation for cancer of the kidneys. To be able to analyse the risks of specific cancers in more detail there is a need to make a detailed survey of the exposures in sewage work. A future follow up of this cohort will increase the person-years of observation which, together with better exposure data, will allow for more conclusive results. 
